The evaluation of the initial quality and long-term durability of an intervention on a historic building proves to be complex. On the one hand, technical and functional requirements can be defined which will lead to recipes and intervention methods. On the other hand, the heritage repair principles such as reversibility, compatibility and retreatability, should be respected. How are these aspects taken into account when defining an intervention in current practice? And how are they translated by the craftsmen into an actual intervention that meets their skills?
Introduction
The cultural heritage sector is increasingly considered a driving force for economic and social growth, as a source of identity and creativity [1] . However, the sector faces some important challenges, such as the impact of the economic crisis on a mainly government-financed sector, and the impact of increasing regulations related to energy consumption and climate change. It is therefore important to safeguard the quality of interventions, but also to use quality improvement as a means for increasing the efficiency of the management of historic sites.
The complexity of interventions on historic sites and building asks for a specific approach that takes into account both the complexity of existing historic structures as well as the specificity of historic building materials and techniques. This constitutes the basis for recognizing the need to better understand the factors that in current practice are influencing the quality and durability of repair interventions in Flanders. This understanding is an important basis for developing a systematic approach for the optimization of the quality of interventions on historic buildings.
In this paper, we will first introduce how quality management for interventions on historic buildings is discussed in literature. The insights in existing quality management approaches demonstrate that two aspects can be interesting for the cultural heritage sector, namely the concepts of Total Quality Control and the principles of Lean innovation [2] [3] [4] . The results of the literature study make up the first part of the paper, whereas in the second part a state of the art is given of current practice in Europe. Finally, the results of both studies form the basis for a discussion on the appropriate quality management approach for the cultural heritage sector. The objective is the preservation of cultural significance and this is obtained by a planned preventive conservation approach and through a collaboration of all the stakeholders.
Quality management of interventions on historic buildings in literature 2.1 Approaches in literature
Although literature on cultural heritage focuses on values, ethics, conservation principles, management approaches and the effectiveness of interventions, it discusses the quality management of interventions mostly in the margins. For the construction sector in general however, quality has been an important issue since the 1980s. The difficulties in improving the quality of interventions was attributed to the large amount of manual labour, the difficulties in introducing automation and the fact that the sector deals with several stakeholders whom each play an important role in achieving the quality of a final product [2, 5] . Interventions on historic buildings prove to be even more complex, since every case is unique due to the complexity of the different historical layers and the number of stakeholders involved tends to be even higher.
Two aspects of quality management developed for other sectors are interesting for the cultural heritage sector: the concept of Total Quality Control and the principles of Lean innovation. The concept of Total Quality Control consists of developing a general awareness that every stakeholder needs to play its part in order to obtain the required quality of a product. This was one of the strengths of the Japanese model of Total Quality Control for companies, where employees did not only understand the importance of doing their job well as part of the production process, but they also continually searched for ways to improve their work and therefore also the final quality of the product and the efficiency of the production process [2, 3, 5] . The concept of Lean innovation is based on the Japanese system of Total Quality Control but it focuses on working efficiently with knowledge. Lean innovation focuses on how creative ideas and solutions can be developed in an efficient way. This means three fundamental principles should be respected. At first, the focus of the innovative process should be clear, in order to avoid over or under developing the solution. Secondly, the aim should be an optimum planning of the work process. At last, working with Lean means continually evaluating your work and making improvement [4] .
The goal and means of a quality management approach for cultural heritage
Quality is related to a certain state or condition one wants to obtain and for the cultural heritage sector, this is the preservation of cultural significance [6] [7] [8] [9] . For the last fifteen years, research has demonstrated that the best means to obtain this objective is planned preventive conservation. Planned preventive conservation is a well-defined process of monitoring, planning and technical actions, with the aim of preserving cultural significance [7, [9] [10] [11] [12] . All interventions are minimal technical interventions. This means interfering as much as necessary for allowing an item to retain a state in which it can perform its required function, but as little as possible in order to avoid the unnecessary replacement of historic fabric . Some interventions consist of an actual cure of deterioration, but most interventions consist of the constant control of a chronical condition of deterioration, in order to slow down an inevitable decline [13, 14] . Planned preventive conservation is a management approach that achieves the preservation of cultural significance by continuous improvements of the state of conservation, rather than by 'after damage' restoration. This approach can guarantee a better preservation of cultural significance, if applied strategically, and it aims at a long term cost saving [9, 10, 13] .
The management approach starts with a clear understanding of the cultural significance of a building. This definition should be constantly reviewed and updated. The state of conservation of a building is assessed by performing a condition survey. Annual inspections will review and update the condition survey and will refine the annual program of actions and interventions [7] [8] [9] .
The interventions on historic buildings follow a four steps approach: anamnesis, diagnosis, therapy, controls [15, 16] . Some repair principles should be respected. The principle of minimal intervention -doing as little as possible and as much as necessary -as well as the principles of compatibility, reversibility and retreatability will determine the sustainability of an intervention. Working with compatible materials will furthermore also contribute to the durability of an intervention [7, [13] [14] [15] [17] [18] [19] [20] .
To ensure that an intervention is correctly carried out, the application methodology needs to be verified during the execution. Relying only on a system of quality control during execution is however expensive and demotivates the craftsmen who feel like no trust is put in their skills [21] .
The complexity of the above described management approach requires the elaboration of numerous types of information, which can be an important asset when processed and stored in an integrated information system [8] .
The important role of the stakeholders
The concept of Total Quality Control consists of developing a general awareness that every stakeholder needs to play its part in order to obtain the expected performance of an intervention [2] . For the cultural heritage sector, the entire community is involved, since there is a strong relationship between a community and its heritage and community involvement is therefore an important asset for the improvement of quality [10] .
A few stakeholders however will need to play an active role in order for an intervention to come to a good end: owners, architects and engineers, contractors and craftsmen.
For the construction sector in general, the owner plays a very important role in clearly defining his expectations, which will be combined with the existing regulations in order to determine the required performances [2] . For cultural heritage in specific, it also important that the owners understand its duty of care towards the community as well as the benefits of working with a planned management system [9] .
Architects and engineers should give relevant and correct advice and they should be willing to collaborate in a management approach, even though for them this might be less interesting than a major renovation or less attractive than a major restoration [9] .
The importance of workmanship in quality improvement proves to be an important factor for the construction sector in general and the cultural heritage sector in specific. Knowledge on historic materials and techniques is fading and most European countries note a shortage of properly trained and qualified contractors and craftsmen for works on historic buildings [9, 17] . A number of conditions should be fulfilled for craftsmen to play their role in obtaining expected performance for interventions on historic buildings. At first, the craftsmen need specific training and skills related to historic materials and techniques [22] . However, it is not merely a matter of operational skills, since craftsmen need to obtain also the capacity to understand the complexity of cultural heritage, which will help for them to obtain a sense of responsibility [23] . By understanding that interventions on historic buildings are asking also for the craftsmen to be creative, they will be respected and entrusted with the important task to adopt their skills and knowledge on historic materials and techniques for the specific case in consideration [22] . This means however an adaptation of existing training models and professional competence models for the cultural heritage sector.
Quality management of interventions on historic buildings in practice
In Flanders, responsibility for the management and maintenance of listed cultural heritage is imposed upon owners by law. Owners are asked to maintain their property by management, maintenance, protection and repair works. Management is considered insufficient when it leads to deterioration and loss of cultural significance [24] . In order to guarantee a good management of listed cultural heritage, the government foresees funding for interventions and the development of management plans, however the available funding does not meet the current demand and for the large stock of historic sites and buildings that are not listed, there is no specific funding. This is only one of the reasons for the increased understanding that instead of focusing on the restoration of single objects, we should focus on the preventive conservation of the built environment [10] [11] [12] . Preventive conservation is encouraged in Flanders, since owners of historic buildings and sites can call upon the support of Monument's Watch Flanders, who delivers regular inspection services and monitoring. Almost 30% of listed buildings in Flanders are a member of Monument's Watch. Inspection reports contain an assessment of the condition of a building and a number of recommendations for the management and maintenance of the property. The recommendations for repair works are however not always turned into practice, as was proven by an inquiry among members of Monument's Watch in 2011, mostly due to a lack of budget or planning, but often also because owners cannot find skilled craftsmen for repair works. And detailed instructions on how to perform the repairs on their own were not added to the reports [25] . This shortage of properly trained and qualified craftsmen able to undertake maintenance on historic buildings and sites exists in most European countries [9, 17] . In the UK, the National Heritage Training Group [26] sees to the continuous development of numerous training initiatives and accreditation schemes were introduced for building professionals working on grant-aided historic buildings in order to reassure customer confidence and to enhance the understanding of traditional materials and technology employed on historic buildings [9] . Also "Stichting Erkende Restauratiekwaliteit Monumentenzorg (ERM)" (Foundation for Recognized Restoration quality in Cultural Heritage) focuses in the Netherlands on the accreditation of craftsmen [27] . In order to develop an accreditation system, it is however important to understand the required competences of craftsmen for different types of interventions and the accreditation system is therefore developed in close collaboration with different stakeholders. With the same scope of improving the technical quality of interventions, "Stichting ERM" developed under the authority of the Dutch government guidelines for interventions on traditional materials with traditional techniques. During an expert meeting on "Restoration quality in European perspective", organized by the Dutch government in October 2014, Colm Murray of the Heritage Council (Ireland) however demonstrated the flaw in an approach that focuses only on accreditations and guidelines by addressing the specific situation of vernacular architecture in Ireland: "How can we standardize a living tradition?"
Defining quality management of interventions on historic buildings: discussion
In this part, a quality management approach for the cultural heritage sector is proposed, which is based on the principles of Lean innovation and preventive conservation, taking into account the four steps of intervention (anamnesis, diagnosis, therapy, controls). The implementation of the quality management approach should be based on the concept of Total Quality Control [2-5, 10-12, 15, 16] .
There are three dimensions to achieve efficiency through Lean innovation: outer efficiency, inner efficiency and the principle of continuous improvement, fig. 1 . The outer efficiency is related to the project objectives. Well-defined project objectives are essential in order to achieve efficiency. The inner efficiency concerns the project plan, or the series of activities that will transform a need into a solution. Instead of aiming at major improvements once in a while, lean innovation will point at frequently making small improvements. This is one of the key principles of Total Quality Control and a fundamental aspect of the improvement loop or Deming loop: Plan-Do-Check-Act [4] .
Quality management of interventions on historic buildings therefore starts with a well-defined management approach (outer efficiency). This approach is then translated into a management plan (inner efficiency), which leads to actions and interventions (continuous improvements) ( fig. 1 ).
(a) (b) Figure 1 : Translating the three dimensions of Lean innovation (a), adopted from [4] , into principles of quality management (b).
The management approach starts by defining goals and objectives. Although the general objective is the preservation of cultural heritage, for a specific building the goals should be defined in detail and they should also take into account the use of the building. Therefore, the goal of the management approach is to decide on the expected performances, a decision that should be regularly reviewed and updated.
From a technical viewpoint, there are three types of performances at three levels of detail that should be taken into account. At the level of the building, we can define functional performances, such as the drainage system. At the level of the building's structure, we can define the structural performances and at the level of the applied materials we can define technical performances (fig. 2) .
The expected performances are based on an assessment of the cultural significance of the building and a detailed condition survey. The condition survey consists of an assessment of the existing performances of the building and the applied materials, as well as a risk assessment of the progress of these performances. By evaluating a building's existing condition and understanding how the state of conservation will evolve, it is possible to establish a level of expected performances that can be obtained within the available budget and timing, while respecting the assessed cultural significance.
In practice, conservation projects sometimes focus mainly on assessing the technical performances, while it remains important never to lose track of the functional performances related to the use of the building. They also need regular attention, since often loss of function leads to lack of maintenance and degradation. It is therefore possible to apply the concept of continuous improvements also for the functional performances related to the use of the building, instead of waiting until the building is in need of major improvements. If these continuous improvements are integrated in the management plan, the impact of maintaining a building's function and use up-to-date will be considerably reduced. The management plan will decide on the track that should be followed in order to achieve these objectives. An assessment of cultural significance and a detailed condition survey should be repeated regularly. In between, annual inspections will review and update the condition survey and will refine the annual program of actions and interventions. Regular evaluation of previous interventions will add to the learning process that is inherent to a management approach.
The improvement loop for interventions on historic buildings consists of four steps: anamnesis, diagnosis, therapy, controls [15, 16] . A more detailed survey of the part of the building that is subject of an intervention will be necessary in order to investigate the causes of alterations more in detail. The existing and expected performances are defined in detail and the therapy is translated into an application procedure for the particular case in consideration.
Research in progress
In an initial step, the proposed scheme will be confronted with the restoration of the fifteenth century enclosure of the Abbey of Tongerlo ( fig. 3 ), including the repair of the roofing and the wooden roof structures of three small buildings that are part of the enclosure. The project represents interventions on historic building materials (masonry repair), interventions of historic structures (timber roof structures) and interventions on the functional building requirements (drainage system). It is therefore a good case to assess the gap between the quality management approach and practice, to understand possible obstacles for the implementation of such an approach and finally to understand if the quality management approach could be a starting point for measuring the durability of a specific intervention. Based on an interview with the owners, the management approach and the management plan applied for the historic site will be analysed and confronted with the theoretical approach proposed in this paper. A more detailed study of the restoration of the fifteenth century enclosure is based on interviews with the most important stakeholders, archive documents, pictures, drawings, invoices and a detailed analysis of the structures and materials (state of conservation and traces of previous interventions). The scope of this study is to understand why and how specific interventions were executed, in order to understand how quality control is taken into consideration in practice.
Conclusions
A study of quality management in literature and current practice lead to the development of an approach for the quality management of interventions on historic buildings. The management approach is based on planned preventive conservation and it consists of the definition of objectives -expected performances -based on a thorough assessment of the cultural significance, the state of conservation and the expected progress of existing performances. A management plan will outline which actions and interventions should be undertaken at what point in time in order to achieve the objectives. The focus lies on small improvements that consist of four steps: anamnesis, diagnosis, therapy, controls. Both literature and current practice demonstrate the important role of the stakeholders and their collaboration.
By, in an initial step, confronting this scheme with the restoration of the fifteenth century enclosure of the Abbey of Tongerlo, the approach will be refined and tailored for its further application in practice. The assessment and refinement of the approach will continue for other cases in a next step of the research in order to develop a realistic tool for the assessment of the initial quality and long-term durability of interventions in practice.
Further research is required in order to understand how to predict the progress of existing performances for historic building materials. At the level of the interventions, the study of cases will contribute to a more detailed understanding on how to define the expected performances and how to describe the application methodology in relation to these performances. A study of current practice will contribute to define how to verify the application methodology during the execution and how to implement the concept of Total Quality Control among the stakeholders, encouraging them to collaborate as partners with a common goal: the preservation of a common cultural significance.
